In this study, numerical calculations are conducted by using SST 
Introduction
The primary component of a wind turbine is the rotor which transforms the kinetic energy of air into mechanical energy. The capability of rotor to convert a maximum ratio of wind energy to mechanical is obviously depends on aerodynamic properties of blades which determine overall efficiency of wind turbine. Efficiency of the blades is prime importance for the overall economics of the system. Therefore the blade is the one of the key components of a wind turbine which compromises ideal aerodynamic shape. With the increasing power harnessed by wind turbine, the size and weight of the blades also increase [1] . The majority of the airfoils in use on horizontal-axis wind turbines were initially developed for aircraft but, with the development of the wind turbine industry, more efficient airfoil especially only for wind turbine has been designed for last 30 years [2] . Airfoil design and wind tunnel test is complex and requires significant expertise because it has a very time consuming process [3] . But today, with the help of high speed and powerful computer, numerical calculation can be done close to the experimental results. Therefore many airfoil design code has been develop and are being used for performance calculation of airfoil. Therefore numerical calculation is very helpful to estimate aerodynamic properties of the airfoil by using turbulence model like k-ε, k-w, Spalart-Allmaras and SST. NACA 0012 airfoil has been subjected to many researches due to its aerodynamic properties and has been subjected to sensitive experimental and theoretical studies. Numerical simulation of 4-digit inclined NACA 00xx symmetric airfoils to find optimum angle of attack for airplane wing was performed and obtained data compared with experiment data to validate the simulation accuracy of the Computational Fluid Dynamics (CFD) approach [4] .Correlation between numerical calculation and experimental study is very good. Numerical calculation of airfoil NACA 632-215 was performed to determine optimum angle of attack for horizontal axis wind turbine by using SST turbulence model and lift, drag coefficient, lift to drag ratio and pressure coefficient around the airfoil were calculated and compared with different velocity [5] . Numerical Analysis of NACA64-418 Airfoil with Blunt Trailing Edge was conducted and obtained results were compared with experimental data validate simulation accuracy of CFD then other airfoil were investigated. The transport equations for the transition of SST model is based on the Wilcox k-ω model, is good to predict the transition point [6] . The numerical simulation of horizontal axis wind turbines airfoil S809 with untwisted blade was performed with k-ε model and compared with experimental data to determine the optimal angle of attack that produces the highest power output [7] . The performance of NREL S series airfoils with different wind speeds was investigated with SST turbulence model and the optimum blade profile for each wind speed is determined based on the maximum lift to drag ratio and results showed that the CFD code can accurately predict the wind-turbine blades aerodynamic properties [8] . Steady-state, two-dimensional CFD calculations were performed for the S809 laminar-flow and calculations show that the k-ε model, is not appropriate at angles of attack with flow separation [9] . A mathematical model for airfoil design based on the blade element momentum theory for S809 airfoil was implemented and compared with experimental data to evaluate turbine performance with a wide range of wind velocities [10] . Aerodynamic performances of S-series wind turbine airfoil of S 825 was numerically investigated by using SST turbulence model to get maximum aerodynamic efficiency for a wind turbine and the comparison shows good agreement for the numerical approaches [11] .Therefore SST turbulence model is reliable to investigate aerodynamic properties of other airfoils in this study.
In this paper a sample blade is designed by using three different airfoils (S814, S825, S826) then aerodynamic properties of each airfoil are calculated by using SST turbulence model. Such types of airfoils were proposed for megawatt-scale wind turbines by NREL. The lift and drag coefficients of airfoil S825 are calculated with the SST turbulence model, and obtained results are compared with experimental data to validate the simulation accuracy of the Computational Fluid Dynamics (CFD) approach then S814 and S826 are calculated and compared with different velocity. According to the calculations, to achieve the highest torque for this blade design S814 should place at the root, S825 is at the primary part and S826 should place at the tip of the blades.
Computational Approach
For this calculation flow is assumed that fluid is incompressible and two-dimensional (2-D) Navier-Stokes equations written as:
Any solid objects with any shape, if it was subjected to fluid stream, object experience a force from the flow. The sources of this force are from viscous and pressure effects on the surface of the object. Total force on the surface of airfoil is written as:
This force can be divided in two parts as lift and drag force. If we take airflow along the x direction, drag force is in the same direction with airflow but lift is in the y direction. Lift and drag force can be written as:
Lift and drag coefficients are dimensionless quantities and used to measure the aerodynamic properties of an object which vary with the angle and the shape of the airfoil. Lift, drag and pressure coefficients defined as:
Where, 1 2 ⁄ ∞ 2 is dynamic pressure. Generally drag and lift coefficients of an object was only measured with wind tunnel tests. But with development of efficient and cost effective CFD software and rapid decrease in the cost of computations, CFD is replacing the wind tunnel tests due to the rapid increase in the cost of experimentation.
Method of modeling
The wind turbine blade designed and modeled in this study are composed of three different airfoils and are shown in Fig. 1 . One of the airfoil is intentionally chosen because which has experimental data to compare the accuracy of the simulation technique. For the numerical analysis, commercial CFD program COMSOL is used for the shape modeling, grid generation and aerodynamic analysis. The flow field around S814, S825 and S826 is assumed as incompressible viscous flow.
To eliminate the effect of the domain size on the results, computational domain is extended 300x200 times the chord length of the airfoil. C-type mesh is adopted around the all airfoils to discrete the flow field in the simulation and as shown in Fig. 3 . Dense grids are applied around the airfoil but sparse distributions are adopted in the region far away from airfoil. Model is divided into three part and 86800 quadrilateral elements are created. To verify the accuracy of the numerical analysis, the lift and the lift-to-drag ratio are compared with the wind tunnel experiment [10] . Because only if the grid number is in a certain range, the results are more agreement with experimental data otherwise too dense or too sparse mesh distribution may produce calculation error. For an accurate comparison, all three airfoils are meshed using the same methods. Because only S825 airfoil has experimental data and which constitute a reference for the other two airfoils. 
Results and discussion
Currently, wind power companies are generally installing MW scale onshore wind turbine such as 1.5 MW, 2 MW, and 3 MW. Numerical design and simulation of a 20 to 40 m blade for 1-2 MW wind turbines is performed with the wind speed between 8.4 m/s and 25 m/s, using airfoils S814, S825, S826 respectively. Before the numerical calculation is attempted, the reliability and validity issue of CFD is investigated for S825 airfoil because it has reliable experimental data [12] . Fig.4 shows the comparison of SST turbulence computational lift coefficients with those of the experiment (NASA Langley) and also Eppler code (NREL) calculation results. The agreement for lift coefficient between the computational and experimental results is very good for operation angle from -5° to 8 degree. It is interesting that this SST turbulence calculation shows better agreement compare to agreement between Eppler code calculation and experimental data. For the lift coefficient Eppler code data are slightly higher than experimental results. According to Fig.4 , with the increasing Reynolds numbers there is still good agreement for low angle side but at higher angle, agreement angle degrease from 8 to 6 degree. However, predicted results for higher than 8 degree is not in good agreement with the experiment for all conditions and lift coefficient increase with the increasing angle of attack but increment in experimental data starts to decrease at certain degree. Eppler code lifts calculation data slightly higher than experimental data for all condition.
With the increasing angle of attack, flow separation and vortex formation begins as shown in Fig.  5 . Fig.6 shows the comparison of SST turbulence model lift coefficient calculation results at the Reynolds numbers of 1x10^6, 2x10^6, 3x10^6, with the angle of attack from -2 to 12 degree. S826 airfoil intended to tip portion of the wind turbine blade in this modeling, has a maximum lift coefficient in each case compare to others. Because of higher lift coefficient S826 airfoil improve efficiency by producing higher torque at low wind speeds. S825 airfoil numeric data are calculated very close to S826's and they together create high efficiency. S814 airfoils are thicker than two others and create lower aerodynamic lift, but its physical structure is necessary for blade to be strong enough. The agreement between the computational lift coefficient and experimental results for S825 is very good at the angle of attack from -2 to 6 degree. As mention before S814 and S826 doesn't have experimental data so this calculation can be used to estimate aerodynamic properties of S814 and S826 until at angle of attack of 6 degree. Lift to drag ratio versus angles of attack for experimental and both Eppler code and this calculation are shown in Fig. 7 . For experimental measurement, lift to drag ratio increase until 5° and become highest at this point and after that it starts to degrease again. Maximum lifts to drag ratio in experimental studies vary between 110 and 120. In calculations made by using Eppler code, despite poor compliance between lift coefficient with experimental data, lift to drag calculation results show very good agreement with experiments for each case. Lift to drag ratio calculated by using SST turbulence model reach maximum lift to drag ratio at the angle of attack 3° in each case. In this numerical calculation, although the lift coefficients show full compliance with experiment at certain interval, the lift to drag ratio doesn't correlate with experiment. Drag coefficient calculated with SST turbulence model are lower than experimental data. The measurements of higher drag coefficient in real conditions are normal. The reason why many effects are neglected or approximations are used to solve out complex numerical equations. Dust particles deposited on the blade and surface roughness are some of the parameters in real condition affect the drag force. 
Conclusion
This paper numerically investigates influence of multi airfoil effect on the aerodynamic performance of wind turbine blade by CFD with the SST turbulence model. Initially, S825 airfoil is simulated, and obtained results are compared with experimental data to validate the simulation accuracy of this modeling. The comparisons show good agreement for the numerical approach with experiment in the lift coefficients at the angle of attack from -2 to 6 degree. This interval is the normal operating range of the wind turbine. Then numerical calculations are conducted for S825 and S826 airfoil at the angle of attack from -2 to 12 degree. Lift coefficients, lift to drag ratios and pressure coefficient along the surface for S814, S825 and S826 airfoil are calculated, analyzed and presented. The objective of the simulation is also to compare aerodynamics properties of S814 and S826 airfoil with S825 in the same figure. All simulated airfoils were designed by NREL and are shown in Fig.1 . With the increasing angle of attack, lift coefficient increase. While the S826 airfoil create maximum lift coefficient, S814 has the lowest value at all angle. Next, lift to drag ratio are calculated and the result are compared those obtained experimental study and Eppler code calculation data. Maximum lift to drag ratio are found at the angle of attack 3° but in experimental study maximum lift to drag ratios were obtained at the angle of attack around 5°.Finally, pressure coefficient around airfoil are calculated and compared at the angle of attack from 0° to 12°. At the pressure side of S825 and S826 airfoil has more uniform pressure distribution with respect to S814 airfoil, therefore those two airfoils indicate better aerodynamic efficiency. As a result, to get maximum efficiency from proposed three-airfoils system S814 should be at the root, S825 is at primary and S826 should be at the tip of blades.
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